Introduction
Environmental enrichment is being increasingly used to provide farm animals with more complex and engaging environments. Introducing resources that provide stimulation and improve the biological functioning of animals (Newberry, 1995) can lead to a reduction in abnormal behaviours (D'eath et al., 2014; Tahamtani et al., 2016) and improvements in production and well-being (El-Lethey et al., 2000; Douglas et al., 2012) . For broilers, environmental enrichments are usually designed to encourage the performance of natural behaviours, including foraging and perching, and to increase their low activity levels. The majority of higher welfare broiler housing contains some combination of perches, straw bales, and/or pecking objects (CIWF, 2017) . Straw bales are primarily used by broilers as protected rest areas in commercial housing, however they also stimulate natural foraging behaviour and broilers will peck at and dismantle short-cut bales (Baxter et al., 2018) . There have been very few studies looking at the use of pecking enrichments in commercial broilers, with a low level of interest previously reported in penned broilers (Arnould et al., 2004) . However, a recent study found that broilers in commercial housing would regularly peck at bunches of string (Bailie and O'Connell, 2015) , suggesting a pecking stimulus may be a suitable enrichment.
Under commercial conditions, environmental enrichments tend to be distributed evenly throughout the large houses. As little is known about the home ranges of commercial broilers, this spread of enrichments increases the likelihood that birds will encounter and benefit from these additions. However, animals will show greater interaction with their environment when their surroundings are complex rather than simple (Chamove, 1989) , and broilers are motivated to explore areas containing a variety of enrichments (a straw bale, peat, a platform and a ramp; Newberry, 1999) . In addition, laying hens will peck more readily at three pecking stimuli when offered simultaneously rather than individually (Jones et al., 2000) . It was therefore hypothesised that grouping enrichments together rather than presenting them singly would attract a higher number of birds to the area and result in a higher level of enrichment use.
Although dustbathing substrates have not been widely introduced to commercial housing, several recent studies have shown that broilers will readily perform dustbathing in a loose, friable substrate such as peat or oat hulls (Baxter et al., 2017; Baxter et al., 2018) . Broilers also showed increased use of dustbathing substrate with age (Baxter et al., 2017; Baxter et al., 2018) , indicating that it would be an attractive enrichment throughout their production cycle. Chickens also showed more dustbathing behaviour when in the presence of a pecking enrichment (Guy and Wright, 2003) , which suggests grouping a dustbathing substrate with other enrichments may increase its use. Although dustbathing substrates in previous experiments have been placed in open areas of the commercial house (Baxter et al., 2017; Baxter et al., 2018) , broilers will perform more dustbathing, resting and preening in the presence of vertical cover (Cornetto and Estevez, 2001) . When grouped next to a vertical structure, broilers are also less likely to be jostled and disturbed by conspecifics (Cornetto et al., 2002) , which could otherwise approach from all directions (Buijs et al., 2010) . As straw bales appear to be perceived as protective cover for resting (Kells et al., 2001; Baxter et al., 2018) , we also hypothesised that grouping straw bales around dustbathing areas may provide cover to broilers, which would result in higher levels of dustbathing and fewer disturbances.
Therefore, this experiment was designed to investigate whether grouping straw bales, pecking objects and dustbathing areas of oat hulls in various combinations would attract more broilers to the enrichments, alter the behaviours performed around each enrichment, and increase the levels of direct use of each enrichment. This trial was conducted in commercial housing in order to better understand the practicality of this method.
Materials and Methods

Animals and Housing
This trial was conducted in two matched houses on a Northern Ireland commercial farm between May and July 2017. Approximately 28 000 Ross 308 broiler chickens were placed "as hatched" in each house on the same day, giving an average 50:50 female to male ratio.
The houses were matched for design and size; both were 85 m x 20 m metal framed sheds, with an average usable floor space of ~1 716 m 2 . Birds were housed at a maximum stocking density of 30 kg/m 2 , which was the standard for this farm. The houses were initially bedded on fresh woodshavings and additional woodshavings were distributed throughout to maintain litter condition at the farmer's discretion. Temperature and humidity were maintained to commercial standards (Aviagen, 2014) and were identical between the two houses.
Ventilation consisted of ceiling fans and wall flaps along the two long sides of the houses.
The fans and flaps operated automatically if temperature or humidity fell outside the optimal for that week, and could be adjusted manually in response to changes in bird behaviour.
Both houses were heated using identically placed large hot water heaters along the central line of the house. A commercial starter, grower and finisher feed was provided ad libitum to the birds across the cycle (Aviagen, 2014) and water was supplied in nipple drinker lines.
Houses were windowed and natural light was supplied in addition to fluorescent strip lighting; the lighting regime followed normal practice for this commercial supplier, with the hours of darkness increasing from 1 hour at a day old to 6 hours by day 7, maintaining this regime until day 29 when hours of darkness gradually reduced to 1 hour by day 33, which was maintained until slaughter. The dark period began at 11pm, and was maintained from 11pm-5am between days 7 and 29. Window shutters were controlled automatically using timers, to open at 9am and close at sunset. A portion of birds were removed for slaughter on day 36, and the remaining birds were cleared for slaughter on day 42, as was normal practice.
Treatments
Seven enrichment combinations were placed in each house ( Figure 1 ): 1) individual straw bales only (SB), 2) individual oat hulls rings only (OH), 3) pecking chains only (Pe), 4) straw bales and pecking chains (SB+Pe), 5) oat hulls and pecking chains (OH+Pe), 6) straw bales and oat hulls (SB+OH), 7) straw bales and oat hulls and pecking chains (SB+OH+Pe; Photo 1). All enrichments were placed on day 4 of the cycle to avoid disrupting chick feeder sheets.
Enrichment location was chosen using restricted randomisation, with the condition that enrichment areas should be evenly placed in back and front areas of the houses. All enrichments were equidistant from the nearest windows to control for the influence of natural light intensity. Straw bales were plastic wrapped, short cut straw bales that were used as standard enrichment bales on the farm. Three bales were placed in an L-shape which created a semi-enclosed area (Photo 1). As per normal management practices, the two long sides of the bales were cut open to allow birds to peck out the straw. For the purposes of this trial, once the top of a bale collapsed it was replaced in the same location with a new bale.
Oat hulls are the by-product of oat processing and were locally sourced (Whites Speedicook Ltd, Craigavon, UK). The outer hulls are ground and have a consistency and colour similar to fine sawdust. They have previously been found to promote dustbathing and foraging in broilers (Baxter et al., 2017; 2018) and would be a commercially practical substrate. Oat hulls were provided in one steel ring per area; steel rings had a 1.1 m diameter and were 7.62 cm deep, with an area of 0.95 cm 2 . Birds were able to climb into the rings from day 4 and were unable to perch on the edges. Approximately 14 kg of oat hulls was initially placed in the rings, filling them to a depth of about 5 cm. All rings were topped up twice a week on the morning of observations to their original level throughout the trial. During weeks 4 and 5, oat hulls were also refilled on an additional day between observations to maintain their condition as the oat hulls degraded more rapidly in later weeks. The pecking chain provided was 8 mm black and yellow plastic-coated barrier chain, cut to lengths of approximately 30 cm (AIMTools Ltd, UK). Yellow has previously been found to be an attractive pecking colour to chickens (Jones and Carmichael, 1998; Jones et al, 2000) . The chain was hung from the feeder lines, in three sections with two hanging chains per section, opposite the single bale in the enrichment area (Photo 1). The chains hung approximately 0.4 m from the edge of the oat hull rings, if present, and varied in distance from each straw bale (Photo 1). In areas with both straw bales and oat hulls, oat hull rings were approximately 0.5 m from the edge of the bales.
Data Collection
Both houses were visited twice a week during weeks 2, 3, 4 and 5 of the production cycle.
Video footage of bird behaviour around each enrichment was taken between 09:00 h and 13:00 h, and measures of disturbance and light intensity were completed between 13:00 h and 16:00 h each day.
Toshiba Camileo X-Sports cameras, mounted on 1 metre high wooden tripods, were used to record enrichment areas. Both houses were filmed on the same day. The footage was then analysed by the same observer using a combination of scan sampling and focal observations. For straw bales, the two adjacent bales in all four locations were filmed on both sides simultaneously for 35 minutes, using eight cameras. Following a 5 minute settling period, birds directly in front of the bales (up to 0.4 m distance from the bales, measured as the height of the bale virtually transposed onto the house floor in front of the adjacent bales) were scan sampled at 10, 20 and 30 minutes of each video (a total of 384 scans). As in Baxter et al. (2018) , all birds in the area around the bales were recorded as either sitting inactive (sitting or resting with no other activity), sitting pecking, foraging, dustbathing, locomotion (walking or standing), or preening (sitting or standing). The three scan samples were averaged to give the mean number of birds performing each behaviour in proximity to the two bales. Scores for the two sides of the bales were summed to give a total score for the two sides of the bales, and the average number of birds performing each behaviour was then expressed as a percentage of the total number of birds around the bales. The bi-weekly observations were then averaged to give one value per week. Once per week, footage of each of the two bales was also observed for a 10 minute focal period (following a 10 minute settling period). The number of pecks directed at exposed straw on the side of the bales facing the inner area of the L-shape (facing towards other enrichments, if present) was recorded and values for the two bales summed, to give a score of the number of pecks directed at the inner side of two bales.
Oat hulls were similarly filmed for 35 minutes in each location, using one camera set up next to each of the four rings. Each video was analysed using scan sampling to assess behaviour in the oat hulls, and focal sampling to measure the amount of dustbathing. For each video, scan sampling was performed in the same manner as around bales, with scans of bird behaviour taken at 10, 20 and 30 minutes after a 5 minute settling period. The three scans were then averaged to give the mean number of birds performing each behaviour, and the bi-weekly scores averaged to give one score per week. For focal observations performed once per week, following a 10 minute settling period, the number of vertical wing shakes performed in the oat hulls was counted during a 20 minute focal period as a measure of the amount of dustbathing performed (e.g. Sanotra et al, 1995) . The mean length of a dustbathing bout in oat hulls is 14 minutes (SEM 0.85), with an average of 23 vertical wingshakes (Baxter et al., 2017) . This length of focal observation was chosen in order to observe a number of complete dustbathing bouts.
Pecking chain areas were filmed for a total of 25 minutes each, using four camera tripods placed next to the chains (facing towards to house wall). Due to the rapid nature of any engagement with pecking chains, only focal sampling was performed on pecking chain footage. Once a week, after a 5-minute settling period, the number of pecks directed at the three pecking chains per area was counted for a 10 minute focal period.
To assess whether bales act as cover for birds using oat hulls, a separate measure of disturbance was taken by direct observation each week. The number of disturbance events was counted in birds in stand-alone oat hull rings (OH) and in oat hull rings surrounded by bales (SB+OH). The same observer sat approximately 2 metres from the ring in both cases and, after a 5 minute settling period, recorded any incidences of disturbance for the following 10 minutes. An incidence of disturbance was recorded when a bird made physical contact with another bird, causing it to stand (Estevez, 1994) . During the focal period, the number of birds in the ring was counted every minute, and the 10 scores were averaged to give the mean number of birds present in the ring during the observation period. This additional measure of ring occupancy was taken to allow direct comparison with disturbance events, in order to better understand the relationship between bird density in the rings and disturbance.
The number of disturbance events recorded and the number of birds recorded in the ring were averaged to give one score per week.
Light levels were automatically maintained, however measures of light (lux meter) were taken from all enrichment areas in both houses, no more than 5 minutes apart, to monitor variation and avoid light as a confounding variable.
Statistics
Data were analysed using SPSS (version 23). Due to the scale of the study and limited use of the commercial farm, only two houses were used in this trial over one production cycle, resulting in two replicates. Eight enrichment combinations were placed evenly around House 1 and around House 2 using restricted randomisation, with the condition that in one replicate the enrichment combination should be at the front of the house, and in the back of the house in the second replicate ( Figure 1 ). For each enrichment type, the four levels of enrichment combination were compared with each other; for example, data for oat hulls were compared between 1) individual oat hulls, 2) oat hulls and pecking chain, 3) oat hulls and straw bales and 4) oat hulls, straw bales and pecking chain. Normality of residuals was assessed for each data set through inspection of normality plots and Shapiro-Wilk tests.
Significance level was set at P < 0.05. Post-hoc pairwise comparisons were performed using Tukey HSD tests (P < 0.05).
For observations of mean occupancy (n = 32) and the mean percent of behaviours (n = 32) performed around the bales and in the oat hulls, the main and interaction effects of treatment and week were analysed using GLM, with enrichment combination + week as fixed effects, and house.week as a random factor. Data from focal samples on the number of VWS performed in oat hulls (n = 32), the number of pecks directed at bales (n = 32), and the number of pecks directed at pecking chain (n=32) were analysed using the same model.
Light intensity (n = 112) was compared between the seven enrichment areas using GLM with enrichment combination as a fixed factor and house as a random factor, and between the two houses using a one-way ANOVA. There was no significant difference in ring occupancy between OH and SB+OH during focal observations of disturbance (P > 0.05), therefore disturbance was analysed using a GLM with enrichment combination as a fixed factor and house as a random factor (n = 16). A Pearson product-moment correlation coefficient was calculated to investigate the linear relationship of average birds in the ring and the number of disturbances recorded.
Results
There was no significant difference in light intensity between enrichment combinations or between houses (P > 0.05). Light intensity was therefore disregarded as a source of variation.
Straw Bales
Whether bales were placed singly or in combination with other enrichments did not have a significant effect on the total number of birds counted around the bales. Overall, there was an average of 30 (SE = 1.1) birds counted around the two bales, with fewer birds counted around the bales as birds aged (F 3,3 = 17.46, P = 0.009), which was expected because the observation area was fixed so fewer birds fit within the scan area. Although there was minimal dustbathing performed around the straw bales (M = 0.3%, SE = 0.10), there was a significant interaction between enrichment combination and week (F 9,12 =2.92, P = 0.043).
Simple effects analysis showed that the broilers age had a significant effect on the amount of dustbathing performed in the SB+OH (week 2, M = 0%; week 3, M = 0%; week 4, M = 1.1%;
week 5, M = 1.1%) and SB+OH+Pe (week 2, M = 0%, week 3, M = 0.3%, week 4, M = 1.5%,
week 5, M = 0%) but not the SB (week 2, M = 0%; week 3, M = 0.26%; week 4, M = 0%;
week 5, M = 0% and SB+Pe combinations (week 2, M = 0%; week 3, M = 0.81%; week 4, M = 0%; week 5, M = 0.34%). There was no significant effect of enrichment combination on percentage of broilers sitting inactive, sitting pecking, foraging, preening or in locomotion around the bales (Table 1) , and no significant interactions between combination and week.
There was, however, a main effect of age on the % of sitting pecking around the bales (F 3,4 = 6.66, P = 0.049), with significantly more sitting pecking observed in week 2 compared to week 5 (week 2, M = 14.1%, SE = 1.02; week 3, M = 11.8%, SE = 5.13; week 4, M = 8.1%, SE = 1.34; week 5, M = 5.6%, SE = 0.69).
During the 10 minute focal period, there were an average of 310 (SE = 18.8) pecks directed at the straw bales ( Figure 2 ). There was a significant interaction between enrichment combination and week for the average number of bale pecks (F 9,12 =4.08, P = 0.013). 
Oat Hulls
Overall, an average of 11 birds were counted in the oat hull rings; the birds age did not affect how many birds were present in the rings (P > 0.05). Whether the oat hulls were placed singly or in combination with other enrichments similarly did not have a significant effect on the total number of birds in the rings or the percentage of any behaviours performed (P > 0.05; Table 1 ). There was a significant effect of broiler age on the percentage of birds dustbathing (F 3,4 = 14.44, P = 0.013), with levels of dustbathing increasing as birds aged (week 2, M = 9.2%, SE = 1.56; week 3, M = 17.7%, SE = 6.8; week 4, M = 27.2%, SE = 2.20; week 5, M = 31.9%, SE = 4.29). There was also an overall effect of age on the percentage of broilers sitting inactive in the rings, with the most inactivity recorded in week 5 (F 3,4 = 10.66, P = 0.022; week 2, M = 27.6%, SE = 2.01; week 3, M = 31.0%, SE = 3.19;
week 4, M = 21.7%, SE = 2.81; week 5, M = 31.4%, SE = 1.31%).
There was an average of 74 (SE = 8.43) vertical wingshakes per 20 minute focal period. There was also a significant effect of age on the average vertical wingshakes (F 3,4 = 9.12, P = 0.029). Pairwise comparisons indicated a significant increase in vertical wingshakes between weeks 2 and 3, but no significant differences between weeks 2, 4 and 5 or weeks 3, 4 and 5 (week 2, M = 41.5, SE = 9.86; week 3, M = 106.9, SE = 21.11; week 4, M = 85.1, SE = 13.55; week 5, M = 63.0, SE = 13.79).
There was a positive correlation between the average number of birds present in the ring and the number of disturbance events recorded (r(14) = 0.88, P < 0.001) and, in agreement with data from scan samples of behaviour, no significant difference in the number of birds counted in the OH compared to the SB+OH during focal observations. There was no significant effect of the presence of straw bales on the level of disturbance in the oat hulls (P > 0.05), however there were numerically fewer disturbed birds in the SB+OH condition (M = 2.4, SE = 0.65) compared to the OH alone (M = 4.5, SE = 1.09).
Pecking Chain
There was an average of 70 (SE = 3.9) pecks directed at the pecking chain during the 10 minute focal period. The presence of other enrichments did not significantly affect the amount of chain pecking recorded (P > 0.05; Figure 2) .
Discussion
The aim of this experiment was to determine whether grouping enrichments together would affect the way in which they were used, in order to look for any obvious benefits of creating "enrichment areas" over placing separate enrichments around the house. Contrary to expectations, the more complex enrichment areas did not appear to be more attractive to broilers. Whether enrichments were placed singly or in combinations did not have an effect on the number of broilers in the oat hulls or around the straw bales, or on the overall percentage of each behaviour observed. There was, however, significantly more vertical wingshaking recorded in the single dust baths compared to those placed with several other enrichments. As broilers aged there was a predictable effect on several behaviours, with an increase in inactivity and dustbathing in the oat hulls, and a reduction in pecking around the bales (Baxter et al., 2017; Baxter et al., 2018) . There was also a positive correlation between the density of broilers using the oat hulls and the average number of birds being disturbed, which is consistent with previous trials (Hall, 2001; Buijs et al., 2010) .
Laying hens will peck more readily at three types of pecking stimuli (string, beads and chain) when presented simultaneously compared to singly (Jones et al., 2000) , which the authors suggest is because the varied stimuli are more attractive to birds. Our results suggest that grouping straw bales, oat hulls and pecking chain together did not increase the attractiveness of these enrichments. There was no increase in the number of broilers in the dustbathing areas or around the straw bales when they were placed in combination with other stimuli. There are several reasons why these enrichment areas may have failed to attract a higher number of birds than separately placed enrichments, although it is difficult to draw clear conclusions in this study. Unlike in Jones et al. (2000) , where three types of the same pecking stimulus were presented, in the present trial the three different enrichments provided for different motivations. Oat hulls were attractive as a dustbathing substrate, while straw bales were largely used as a resting area, and the plastic-coated chain acted as an interactive pecking enrichment. The broilers may have been stimulated to use each enrichment regardless of nearby resources. It is also possible that broilers are less likely to engage with several enrichments when offered due to physical (Bessei, 2006) and motivational (Lindqvist et al., 2006) limitations. For example, an average foraging bout for broilers lasts only 3 minutes (Bizeray et al., 2002) , which may only be directed at one type of enrichment before a period of rest. It is also possible that the enrichments were too far apart to act as a clustered set of diverse stimuli.
Overall, the types of behaviours observed around the straw bales and inside the rings were largely unaffected by grouping enrichments together. There was an effect of enrichment combination on the amount of dustbathing performed around the straw bales, with the presence of nearby oat hull rings influencing levels of dustbathing performed around the adjacent straw bales as birds aged. This effect was probably due to some oat hulls being kicked into the space in front of the bales or by visual contact with dustbathing birds in the nearby rings (Petherick et al., 1995) . There were no differences in the amount of sitting, foraging, locomotion or preening when either straw bales or oat hulls were placed with other enrichments. Focal observations of the number of pecks directed at the straw bales and pecking chain, and the number of vertical wingshakes performed in the oat hulls were used to assess direct enrichment use. There was a significant interaction between enrichment combination and broiler age for the number of pecks directed at straw bales, however this effect was inconsistent and varied over time. Enrichment combination did not influence the number of pecks directed at the pecking chain throughout the cycle. For oat hull use, despite enrichment combination not influencing the percentage of broilers engaged in dustbathing bouts, focal observations revealed that significantly more vertical wingshakes were performed when oat hulls were placed individually (OH, M = 93.6) rather than with both other types of enrichment (SB+OH+Pe, M = 41.5). The amount of vertical wingshaking observed has previously been used to identify substrate preferences for dustbathing (e.g. Sanotra et al., 1995) and our results may indicate that broilers may prefer to dustbathe in oat hulls placed without nearby straw bales or pecking chain. This was contrary to our hypothesis that straw bales bordering the dustbathing areas would provide protective cover, which would lead to an increase in dustbathing and reduction in disturbances. Provision of vertical cover has been shown to increase the levels of dustbathing, resting and preening in broilers (Cornetto and Estevez, 2001; Newberry and Shackleton, 1997) , probably because birds seek cover to perform behaviours that obscure their vision. Artificial cover has also been found to draw birds away from interior walls and reduce the overall levels of disturbance in a group (Cornetto et al., 2002) . However, our observations showed no significant difference in the number of broilers jostled when dustbathing areas were bordered by straw bales. The straw bales used in the present trial (0.4 m high, 0.4 m wide) were not substantially smaller than cover panels (0.61 m high, 0.61 m wide) used in previous experiments (Cornetto and Estevez, 2001) . However, they may not have provided the extending vertical cover that birds show a preference for, for example the protection offered by trees and bushes (Dawkins et al. 2003) . Straw bales may also have provided "obstructive" cover, which is less attractive than structures that provide partial concealment, possibly because opaque cover could conceal nearby predators (Newberry and Shackleton, 1997) .
As broilers aged, levels of dustbathing and inactivity increased in the oat hulls and levels of sitting pecking increased around the straw bales, which is consistent with previous studies (Baxter et al., 2017; Baxter et al., 2018) . The overall level of use of straw bales and oat hulls is comparable to previous research, with slightly less foraging in oat hulls in the present study (15-17% of birds observed were foraging) compared to previous reports (27-29%; Baxter et al., 2017; Baxter et al., 2018) . The number of birds using the oat hulls for dustbathing appears to be fairly consistent, with 18-24% of birds observed dustbathing in the present trial and 13-19% in previous studies (Baxter et al., 2017; Baxter et al., 2018) . Of the limited amount of studies that have looked at straw bale use in commercially housed broilers, their differences in methodology, housing and bale type make it difficult to draw direct comparisons. Kells et al. (2001) and Bailie et al. (2013) used long-cut straw bales and plastic wrapped straw bales respectively, both counting the number of birds on one side of the bale and doubling it for analysis. Kells et al. (2001) counted any birds clustering around the bale within a 180 o angle, not specifying distance, and observed an average of 54 birds clustering around the bales in week 2, 22 in week 3 and 28 in week 4. Bailie et al. (2013) recorded birds 1 m distance from one side of the bale, reporting an average of 73 birds around the bales. They also found that birds were more likely to cluster around bales when provided with natural light in windowed housing which Kells et al. (2001) presumably did not use (not mentioned) and may explain the slightly lower numbers. In the present study, both sides of two adjacent bales were observed simultaneously, giving a more definite representation of the total number of birds around the bale. We observed an average of 30 birds within 0.5 m of the bales at any one time. It appears that birds are fairly consistent in their clustering around straw bales, suggesting they attract birds successfully in different systems and on different farms.
There was relatively high interest in the plastic chain, with an average of 70 pecks directed at the chain during the 10 minute observation period. White and yellow string has previously been identified as an attractive pecking stimulus for laying hens (Jones and Carmichael, 1998; Jones et al., 2000) . However, when white string was offered to broilers housed in pens (2 m by 6 m) in groups of 40 (with access to woodshavings and sand), only 42 pecks were directed to the string during a total of 28 hours of observation (Arnould et al., 2004) . Bailie and O'Connell (2015) reported that broilers housed commercially had more interest in the string than previously thought, with a bout of pecking directed at white string occurring every 78 seconds. In agreement with a recent review of broiler enrichment research (Riber et al., 2017) , it appears that more on-farm research of broiler enrichments is needed to confirm the results of smaller trials. The plastic chain supplied in this trial may also be a more practical enrichment for commercial broiler housing than, for example, string (Jones et al., 2000) , because it can be washed and re-used between production cycles.
There seemed to be no negative effects of presenting birds with combinations of enrichments. In caged mice, presenting enrichments in a cluster rather than singly increased the amount of aggression, displacement of one animal using the enrichment by another, and stereotypic behaviours (Akre et al., 2011) . Very little aggression was observed throughout the trial, which is consistent with previous findings (Mench, 1988; Pettit-Riley et al., 2002) , and there was no increase in the amount of birds disturbed in combined enrichment areas.
However, as commercial broiler houses contain a large number of animals, it is likely to be of more benefit to spread enrichments around the housing to impact more birds. We also found that placing bales in one area consistently throughout the trial led to an accumulation of dry straw in those specific areas, limiting the spread of fresh straw around the house. As enriched commercial farms can only supply a limited number of straw bales, distributing them evenly or in areas of wet litter may be more effective at maintaining litter condition.
Conclusions
In conclusion, there appeared to be no obvious benefits to clustering enrichments compared to offering them singly to birds. Grouping enrichments together did not appear to attract a higher number of birds to use the enrichments or clearly affect the majority of behaviours performed in enriched areas. Indeed, more vertical wingshaking was observed in singly placed dustbathing areas and we found some practical advantages to spreading enrichments evenly throughout the houses. Although birds grouped and rested around the straw bales, there were no significant "protective" effects of increased dustbathing or preening when bales were present around oat hulls, and no reduction in disturbances. 
